Abstract The aim of this prospective observational study was to assess the 3-year clinical outcome of distal realignment and membrane-seeded autologous chondrocyte implantation (MACI Ò ) in selected patients with patellofemoral malalignment and large, isolated, patellar cartilage lesions. Twelve patients (14 knees; 6 females, 6 males; mean age 31 years) with Fulkerson type II patellofemoral malalignment (lateralized and tilted patella) and Outerbridge grade III-IV isolated patellar cartilage lesions were treated. All had tibial tuberosity and trochlear sulcus [20 mm on a preoperative CT scan and a cartilage defect 
Introduction
Patellar cartilage lesions are the most frequent articular cartilage defects seen in knee arthroscopic procedures [10] . The majority are Outerbridge grade III-IV lesions and can degenerate to patellofemoral osteoarthritis [11, 50] .
Patellofemoral cartilage lesions are due to different causes including sport trauma, traffic accidents, osteochondritis dissecans, patellofemoral malalignment and idiopathic chondromalacia. Patellofemoral malalignment encompasses a number of conditions, isolated or variously associated, such as increased Q-angle, high-riding patella (patella alta), trochlear dysplasia, increased femoral anteversion, excessive tension of lateral retinaculum, absence of medial patellofemoral ligament and vastus medialis obliquus hypotrophy [1, 2, 12, 14, 16, 42] . Such disorders lead to altered articular congruence between patella and femoral trochlea that often progresses to severe cartilage damage of one or both patellar facets. Some cartilage defects are thought to be related to patellofemoral malalignment. In such cases the malalignment may be the source of knee pain and disability, and the cause of progression to patellofemoral osteoarthritis [25, 43] .
Multiple operative procedures have been devised to correct patellofemoral malalignment. Patellofemoral distal realignment, performed with various techniques, is among the most widely applied in severe cases. Anteriorization and medialization of the tibial tuberosity, introduced respectively by Trillat et al. [49] and Maquet [33] , were eventually fused by Fulkerson into a single procedure [17] . A number of series report the results of distal realignment of the tibial tuberosity according to Fulkerson [5, 17, 36, 38, 40] .
Treatment approaches to the cartilage lesions that are often seen in patellofemoral malalignment have received less attention, probably due to the poor range of cartilage repair options available until not long ago. In particular, few studies have addressed the effectiveness of combined distal realignment associated with autologous chondrocyte implantation (ACI) in repairing isolated patellar cartilage lesions.
According to Pidoriano et al. [45] , anteromedialization of the tibial tubercle improves knee function and relieves anterior knee pain in 90 and 85% of type I and II patellar cartilage lesions (inferior pole and lateral facet), respectively, with lower success rates for type III (medial facet, 56%) and type IV defects (proximal pole or diffuse lesions, 20%).
However, A topographic study of 105 patients with anterior knee pain or simple malalignment documented that the most frequent site of cartilage lesion (71%) is a roughly elliptical area with the major diameter parallel to the transverse axis of the patella, not affecting the upper and lower thirds of the patella, i.e., a diffuse lesion (type IV). The lateral and medial facets are affected in 7 and 21% of cases, respectively [26] .
Once begun, cartilage degeneration cannot be reversed but will tend to progression [8, 35] , following its own course and becoming independent of the original cause. Unless corrected, this process can undermine and even reverse the clinical outcome of the surgical realignment and eventually impair patellofemoral joint function [45] .
Different operative procedures are currently applied for articular cartilage repair, including debridement, microfractures, subchondral drilling, periosteal transplantation, mosaicplasty and ACI [6, 19, 22, 28, 29, 34] . First introduced in 1994 by Brittberg et al. [7] , who used a periosteal flap, the ACI technique has evolved to include the utilization of chondrocytes grown on synthetic scaffolds, thus obviating the need for harvesting periosteum and affording a less invasive surgical wound. Some recent studies have failed to document significant differences between the clinical outcomes of first-generation ACI versus its variant using a collagen membrane as a scaffold (MACI Ò ) [3, 39] . Despite the good long-term clinical outcomes [43] , both techniques involve two surgical steps, the high cost of cell culture and, for MACI, the cost of the membrane itself. [15, 20, 23, 37, 43] have considered the clinical outcomes of combined distal realignment and ACI, none have focused on isolated patellar lesions and precisely characterized the type and extent of the malalignment being treated.
The purpose of this study was to investigate the clinical outcomes of distal realignment combined with MACI in a subset of patients with patellofemoral malalignment and large, isolated, patellar cartilage lesions. These patients had type II patellofemoral malalignment with lateralized and tilted patella [18] , tibial tuberosity and trochlear sulcus (TT-TS) [20 mm [12] on preoperative CT scans and Outerbridge grade III-IV isolated patellar cartilage lesions.
Materials and methods

Inclusion criteria
In this prospective observational study we included 14 knees (two bilateral procedures) operated on between December 2000 and May 2004 at two different centers in Italy. All patients had type II patellofemoral malalignment according to Fulkerson (lateralized and tilted patella) [18] associated with large, isolated Outerbridge grade III or IV patellar cartilage lesions.
A lateralized patella is one with a positive congruence angle persisting beyond 10°of knee flexion, whereas a tilted patella is one with a patellar tilt angle \8°on CT between 0°and 30°of flexion [18, 21, 46] . A large lesion was one [3 cm 2 ; an isolated patellar cartilage lesion was one not associated with an Outerbridge grade III or IV trochlear cartilage lesion.
Only patients with TT-TS [20 mm [4, 12] on preoperative CT scans were included (Fig. 1) .
Malalignment and lesion size and grade were confirmed by diagnostic arthroscopy prior to cartilage harvesting. Patients [40 years old and those suffering from ligament instability, diabetes, obesity, rheumatologic, infective or neoplastic conditions were excluded. Follow-up was at 36 months.
Surgical technique
After diagnostic arthroscopy, performed to assess precisely the extent of patellofemoral tracking, confirmed the lesion's size and the feasibility of MACI and Knee Surg Sports Traumatol Arthrosc (2009) 17:2-10 3 patellofemoral distal realignment, 300-500 mg of cartilage was harvested from the non-articulating portion of the femoral notch and then sent to the laboratory (Genzyme, Denmark) for culture. After about 30 days (range 25-40), patients underwent MACI and patellofemoral distal realignment. A straight incision of about 7 cm was made just lateral to the tibial crest to a point 5 cm distal to the tibial tuberosity. Anteromedialization was performed as described elsewhere [17] . The amount of anteriorization and medialization was decided by testing the position of the released tibial tuberosity during repeated flexion-extension movements. A second incision was then performed lateral to the patella; the patella was partially everted, the lesion debrided and the MACI technique performed as described elsewhere [9] (Fig. 2) . The membrane was secured with fibrin glue (Tissucol Ò ) and a variable number of resorbable stitches, depending on defect site and the presence of a good defect margin. After ensuring haemostasis a suction drain was placed and the wound was closed.
Postoperative rehabilitation
All patients underwent the same rehabilitation program. The program is based on the fact that in knee flexion [30°t he shear forces across the patella are always associated with a strong compression due to ligament tension, also in non-weightbearing joints [24] . Accordingly, 24 h after the operation patients were allowed active joint movement from 0°to 20°in a brace (to avoid increasing the patellofemoral joint reaction force), early full weightbearing with the knee in 0°to 20°of flexion, isometric quadriceps contractions and leg lifts. After 30 days the brace was removed and knee flexion was progressively increased. At this time gentle cycling and swimming were began to restore the normal range of motion. High-impact sports were allowed at 8 months.
Clinical evaluation
Clinical evaluation was performed by the junior author (D. Enea). Patients were evaluated preoperatively and at 1, 3, 6, 12, 24 and 36 months using the Kujala Knee Score [30] , the Tegner Activity Scale [47] and the Lysholm Knee Score [32] . The Modified Cincinnati Rating Scale [37, 41] was administered preoperatively and at 36 months and the Patient Satisfaction Survey (PSS) at 36 months [37] . The PSS includes four questions where patients are asked (1) about their state compared with before surgery (answers: much better, somewhat better, about the same, somewhat worse); (2) to rate their overall satisfaction (very satisfied, somewhat satisfied, neutral, very dissatisfied); (3) about the possibility to have the same surgery again (definitely yes, probably yes, uncertain, probably not) and (4) to rate outcome (excellent, good, fair, poor). Bilateral procedures were assessed separately for each knee.
Statistical analysis
A non-parametric approach was used given the small number of observations. Outcome measures were the percent variations (D%) in pre-and postoperative Kujala, Tegner, Lysholm and Modified Cincinnati Rating Scale scores. Variations were analyzed according to lesion grade and type, and compared by means of the Wilcoxon ranksum test. Pre-and postoperative scores were compared with the Wilcoxon signed-ranks test.
Results were expressed as frequencies (absolute and percent) for categorical variables and as percentiles (median, 25th and 75th percentiles) for quantitative variables. A level of P = 0.05 was considered as statistically significant.
Results
Twelve patients, six male and six female, with a median age of 31 years (25th to 75th percentiles: 25-35 years) were enrolled. Two patients had bilateral procedures. The knee was considered as the unit of observation. Overall, 14 patellar lesions were treated in eight right (57%) and six left knees (43%). There was one bifocal lesion. The median BMI was 23.2 kg/m 2 (25th to 75th percentiles: 21.6-26; range 19.4-26.4). The median lesion diameter was 4 cm 2 (25th to 75th percentiles: 3-5 cm 2 ; range 3-9). There were 10 (71.4%) grade IV and 4 (28.6%) grade III lesions according to Outerbridge, and 7 (50%) diffuse lesions, 5 (36%) lesions of the medial facet and 2 (14%) of the lateral facet according to Pidoriano et al. [45] . Patient data are shown in Table 1 .
There were no major medical or surgical complications, either in the perioperative period or in the longer term. None of the patients were lost to follow-up. Two knees required screw removal during follow-up. No other additional surgical procedures were performed on the operated knees. Three patients had undergone previous surgical procedures in the operated knee, one partial medial meniscectomy and two lateral releases. None of the patients had clinically detectable calcaneus valgus or increased femoral anteversion; three female patients had valgus knee (femorotibial internal angle [7°); four patients had Dejour type I trochlear dysplasia [13] and five had patella alta according to Insall and Salvati [27] . None of the three patients suffering from recurrent patellar dislocation experienced a feeling of instability or a dislocation episode during follow-up.
Pre-and postoperative Kujala, Tegner, Lysholm and Modified Cincinnati Rating Scale scores are reported in Fig. 3 . All patients experienced significant improvement on all scales. The physician-rated Modified Cincinnati Rating Scale showed a median improvement of 200% (95%CI: 100-400), from 2 points preoperatively (25th to 75th percentiles: 2-4) to 8 points postoperatively (25th to 75th percentiles: 6-10). The Lysholm Knee Score displayed a median improvement of 57.3% (95%CI 29.9-158), from 55 points (25th to 75th percentiles: 47-74) to 92.5 points postoperatively (25th to 75th percentiles: 85-99). The Tegner Activity Scale exhibited a median improvement of 300% (95%CI 200-400), from 1 point (25th to 75th percentiles: 1-1) to 4 points postoperatively (25th to 75th percentiles: 4-5). The Kujala Score showed a median improvement of 63.7% (95%CI 26.7-120.9) from 52 points (25th to 75th percentiles: 43-69) to 88.5 points (25th to 75th percentiles: 85-95) ( Table 1) .
The main outcome measures were not significantly different when analyzed by lesion grade and type (Figs. 4, 5) .
At the time of the preoperative evaluation 11 patients had a Tegner Activity Scale score of 1 (only able to perform sedentary work) and one patient had a score of 6 (basketball). At 36 months one patient had a score of 3 (swimming), 4 patients had a score of 4 (cycling, jogging), 4 patients had a score of 5 (competitive cycling, heavy labor), one patient had a score of 6 (basketball) and another patient had a score of 7 (competitive tennis). Overall, patient activity levels consistently improved, as demonstrated by the Tegner score increases. The median score rose from 1 (sedentary work) preoperatively to 4 (recreational sports: cycling and jogging) after the operation.
According to the PSS [37] , patient satisfaction was high in 13/14 cases, with 50% excellent and 43% good final outcomes and poor satisfaction in one case (7%).
Two patients had second-look arthroscopy at 18 and 31 months, respectively, during screw removal. One patient, a man, complained of pain at the screw site at the time of the biopsy; the other, a woman, was dissatisfied with the aesthetic appearance of her tibial tuberosity, due to the slightly protruding screws. None of these patients had anterior knee pain related to the patellofemoral joint. After screw removal the man became asymptomatic in a few months.
Discussion
A small number of recent studies have addressed the effectiveness of the ACI or similar techniques in treating patellofemoral joint cartilage defects, documenting Knee Surg Sports Traumatol Arthrosc (2009) 17:2-10 5 variable and heterogeneous outcomes. Brittberg et al.'s early results achieved only 29% good to excellent outcomes [7] . Lorentzon et al. reported 96% good to excellent results in isolated patellar cartilage defects treated by periosteal transplantation, using a particular periosteal suture, associated with continuous passive motion in the immediate postoperative period. They did not use chondrocyte cultures and did not perform realignment [31] .
Peterson and co-workers [43, 44] obtained 76% good to excellent results at 10 years by associating, where necessary, an operative realignment of the extensor mechanism. Minas and Bryant [37] described 71% good to excellent results in a fairly heterogeneous population. Gobbi et al. [20] , using a hyaluronic acid synthetic scaffold instead of the periosteal flap, obtained 90% A and B results according to the IKDC knee ligament standard evaluation at 2 years.
In a retrospective cohort study Niemeyer et al. compared the outcomes of periosteal patch-covered conventional ACI, collagen membrane-covered ACI and matrix-associated ACI in treating 70 patients with retropatellar cartilage defects. Patients with patellofemoral malalignment (assessed on axial knee x-rays) were excluded in order to obtain a homogeneous sample. The authors reported good to excellent result in approximately 70% of patients and found larger lesions, lesions on the medial patellar facet and diffuse lesions to have a poorer prognosis than smaller lesions and lesions on the lateral patellar facet. The clinical outcomes of the three surgical techniques used were no significantly different [39] .
In a recent study, Henderson et al. [23] compared two groups of 22 patients one with patellofemoral malalignment and patellar cartilage defects and the other with patellar Grade lesion grade according to Outerbridge, Type lesion type according to Pidoriano et al. [42] , K Kujala Score, LY Lysholm Knee Score, T Tegner Activity Scale; C Modified Cincinnati Rating Scale, Pre preoperative, Post postoperative, D% percent variation, Ancona patients operated on in Ancona, Milan patients operated on in Milan cartilage defects only. The two groups were treated with ACI combined with distal or proximal realignment or with ACI alone, respectively. The authors reported 86% good to excellent outcomes in the first group versus 55% in the second. They ascribed the difference to unloading due to the distal osteotomy or to incorrect preoperative evaluation of the extent of malalignment in the patients of the second group, and concluded that patellofemoral joint unloading with a realignment procedure is desirable to maximize the clinical outcome of ACI, even when no tracking anomalies are identified clinically. Their reoperation rate was 52% (10/22 and 13/22 patients, respectively). In a study similar to the present one, Farr [15] considered 38 patients with patellar and/or trochlear cartilage lesions, of whom 28 underwent distal realignment prior to or simultaneously with ACI. Thirteen of the 28 patients had isolated patellar cartilage lesions, but no data were provided as to the type of malalignment treated, and patellofemoral congruence was assessed only by a lateral radiograph and a Merchant axial view, without specification of the amount of subluxation. The two patients with a tilted and subluxated patella and those with no clear subluxation received patellar realignment followed by a rehabilitation program permitting earlier range of motion recovery compared with our patients; our rehabilitation protocol was more aggressive in allowing earlier full weightbearing. Overall, 25 of Farr's 38 patients required additional surgery, 18 for procedures other than screw removal. Nonetheless, their median Modified Cincinnati scores ranged from 3 to 6 and the Lysholm score from 56 to 86. The relative effectiveness of realignment and ACI in treating malalignment associated with patellar cartilage lesions is at present difficult to assess, due to the fact that the outcomes of ACI alone and of ACI with an extensor mechanism correction have often been reported together. In addition, the lack of a control group does not allow to establish whether one or the other procedure alone can provide both pain relief and functional improvement, but ethical reasons suggest that both conditions should be treated.
Our study focused on a small subgroup of patients with anterior knee pain and tilted and subluxated patella with TT-TS [20 mm on preoperative CT scans associated with large, isolated, patellar cartilage lesions. In such cases the surgical approach should address both conditions, because transfer of the tibial tuberosity alone cannot solve the cartilage problem and could thus fail to provide pain relief [45] . On the other hand, it is disputed whether cartilage defects should be repaired without addressing the biomechanical imbalance [23] .
A combination of MACI and transfer of the tibial tuberosity achieved good results in this selected group of patients, with significant increases in all outcome scales. These data are in line with those from similar studies, none of which however provide detailed information on the type of patients included or the type of malalignment treated. We failed to find significant percent variations in outcome scores between patients with Outerbridge grade III and grade IV lesions. This however is not surprising, because both lesion types are end-stage cartilage lesions associated with an altered load distribution across the subchondral bone [48] .
Similarly, patients with diffuse lesions showed not significantly different percent variations in outcome scores compared with patients whose lesions were located on the lateral or the medial patellar facet. In this case, the data reported by Pidoriano et al. [45] and Niemeyer et al. [39] had led us to expect some differences, but our smaller sample size may have affected the result, making such difference undetectable. We did not analyze the main outcome measures by lesion size. In literature some studies have reported no association between defect size and the clinical outcome [29] , while other studies had reported a significant association [39] .
According to the PSS, results were excellent in 50% of cases and good in 43% (overall 13/14 patients; 93%). One patient (7%) was not satisfied with the outcome of the procedure. This patient was the one with the highest activity level before the operation (6 points according to the Tegner Score) and the highest expectations. His dissatisfaction was due to incomplete pain relief despite maintaining the same level of functional activity. The study suffers from some limitations. First of all, the small sample and the 36-month follow-up do not prove that the technique is effective in the longer term. Secondly, non-blinded postoperative assessment may have led to overestimation of favorable outcomes. Finally, the study lacks a control group, although not treating one or the other condition would of course have posed an ethical problem.
Overall, the present data support the case for combining distal realignment and patellar ACI to treat large, isolated patellar cartilage lesions due to severe malalignment. Larger series with longer follow-up are needed better to establish the effectiveness and long-term durability of this therapeutic strategy.
